Background {#Sec1}
==========

Diarrhoeal disease is among the leading causes of mortality and morbidity among children under 5 years. WHO estimates that, worldwide, 525,000 children under five years die due to diarrhoeal diseases each year with 1.7 billion cases of diarrhoeal disease every year \[[@CR1]\]. In developing countries, children under three years' experience on average three episodes of diarrhoea every year. Each episode contributes to significant nutrition deprivation which is necessary for child growth \[[@CR2]\].

The prevalence of diarrhoea in young children is linked to socioeconomic status. In North Sudan, a study found that 28% of children below five years had diarrhoea \[[@CR3]\]. Another study done in Eastern Ethiopia revealed a diarrhoea prevalence of 21.5% \[[@CR4]\]. Both these countries fall under the low-income group according to the World Bank \[[@CR5]\]. In middle income countries, the prevalence is lower, a study done in 2016 for Thailand reported a prevalence of 4.9% while Vietnam reported 8.6% in 2014 \[[@CR6], [@CR7]\].

Based on the 2006 National Health and Morbidity Survey (NHMS), the overall prevalence of diarrhoea in children below 5 years old in Malaysia was 4.5% \[[@CR8]\]. Detailed analysis of the NHMS done in year 2011 found that children below 5 years old were 33% higher compared to 5--9 years old aged group \[[@CR9]\]. Although Malaysia enjoys a high coverage of treated water, diarrhoea episodes among children are still reported. We found a scarcity of published data on acute gastroenteritis (AGE) prevalence in Malaysia among children. Information on the risk factors of diarrhoea in children will benefit intervention strategies to halt this problem. As such, this study aims to determine factors associated with diarrhoea in children aged less than 5 years in Malaysia.

Methods {#Sec2}
=======

Sampling {#Sec3}
--------

This study used data from Malaysia's National Health and Morbidity Survey (NHMS) 2016. The NHMS is a series of nationwide surveys conducted on a regular basis to support the Ministry of Health in monitoring and evaluating the health of the Nation. This survey was designed to capture a nationally representative sample of residents in non-Institutional living quarters in both urban and rural localities in all 13 states and 2 Federal Territories in Malaysia. The sample of children under five was selected based on a sampling frame of live births provided by the National Registration Department (NRD). Details of the Survey methodology was also mention in another published article \[[@CR10]\].

As NHMS covered broad topics under Maternal and Child Health which includes immunization as the main topic and diarrhoea as one of sub topic. Thus, the sample size was calculated based on an 50% estimated prevalence of immunization and design effect of 1.5. The final sample size was inflated to 17,330, which were then allocated to the states in equal proportions to compensate for a 50% expected non-response rate \[[@CR11]\].

The Questionnaire for this study was based on the WHO Multiple Indicator Cluster Survey (MICS), adapted with permission to suit Malaysian requirements \[[@CR13]\]. Permission for its use was authorised by UNICEF. This questionnaire was administered in two languages and anonymous. Data collection started on 17 February 2016 in Sabah and Sarawak, and on 25 February 2016 in Peninsular Malaysia and was completed on 26 May 2016.

Bilingual questionnaire; English and Bahasa Malaysia languages were used for this survey. Questionnaire in Bahasa Malaysia version was translated from English by content experts with English proficiency then back-translated into English by English speaking experts with Bahasa Malaysia proficiency. A pilot test was done using the Bahasa Malaysia version involving 30 individuals from Malaysia's major ethnicities; Malays, Chinese and Indians, and from both low and highly educated individuals. Cognitive testing which looks into understanding of the content and terms used was found to be satisfactory. The questionnaire was conducted by face-to-face interview using mobile devices, with the parent or caregiver of children aged 0--59 months who responded to this module.

Variable definitions {#Sec4}
--------------------

In this study, diarrhoea was defined by a question "In the last 2 weeks, has ...... (child's name) had diarrhoea" on the passage of three or more loose/watery stools per day with/without blood in the stools in the past 2 weeks prior to data collection, as perceived by the mother/caregiver. The response options were either 'YES' or 'NO'. Water sources were also inquired into by the question "What is the main source of drinking water for this household?", and for analysis it was further categorised into - either Treated (Boil, add bleach/chlorine, use water filter) or Untreated water (others or nothing has been done). Method of garbage disposal was categorised into groups of sanitary or unsanitary waste disposal. Sanitary waste disposal included those collected by a local authority/management regularly, collected by local authority/management irregularly and buried outside the house. Unsanitary waste disposal consisted of open burning, throw into the drain, river or sea or anywhere. For latrines, the options were regrouped into either sanitary latrine (child used toilet, put/rinsed into the toilet) or unsanitary latrines (thrown into drain, ditch, river or sea, thrown in garbage, left open and others).

Locality was classified into Urban and Rural based on Department of Statistics Malaysia definitions: Urban area was classified as an area with a population above 10,000 and at least 60% of its population aged above 15 years involved in non-agricultural activities. Rural area was classified for areas that did not meet those criteria.

In this study, five major ethnic groups were identified. Three main ethnicities include Malay, Chinese and Indian descent with another two comprising 'Other Bumiputera' (local ethnic groups of the East Malaysian states of Sabah and Sarawak) and 'Others' (foreigners, immigrants, both legal and illegal, residing in Malaysia). For children, their ethnicity was based on paternal ethnicity. Citizenship was categorised as either Malaysian citizens or non-Malaysian.

The Malaysian education system was used to further categorise both parents' education level. No formal education means the respondent had not attended any formal schooling while primary education applied to those who completed up to six years of primary school. Secondary education applied to those who finished 11 years of formal schooling and, finally, respondents with a minimum qualification of a diploma and/or higher were coded as having tertiary education.

Occupation of parents was clustered into either working in public sector, private sector, self-employed or housewife/unemployed. The pooled income of family members was further divided into quantiles to categorise household income with the first quintile representing the lowest 20% and the fifth quintile representing the highest 20% of income.

The survey or final weight was calculated based on design weight and non-response weight and plan for analysis was created. To ensure that the data can be inferred to the Malaysian population, particularly for ethnicity, post stratification adjustment was made.

To obtain the association of diarrhoea among children with factors such as sociodemographic profile, treated water, waste and latrine disposal, we used multiple logistic regression. The adjusted odd ratio (aOR) of having diarrhoea, with 95% confidence intervals (CIs), and *P* value \< 0.05 were used to describe associations.

First, we did univariate analysis to determine the associations between diarrhoea and other associated factors using chi square and binary logistic regression. Those with a *P* value less than 0.05 were included in the final multivariable model. Taking into consideration the complexity of the sampling design, analysis was done using complex sample module in the IBM Statistical Package of Social Sciences (SPSS) for Windows version 23 (IBM Corp., Armonk, NY, USA),.

Results {#Sec5}
=======

Respondents profile {#Sec6}
-------------------

From a total of 16,966 eligible children, 15,188 responded to this survey giving a response rate of 89.5%. Table [1](#Tab1){ref-type="table"} illustrates the profile of respondents' children under five years old. Most of the respondents resided in urban areas. Majority of the children were Malays and more than half of the parents have up to secondary level education.Table 1Sociodemographic Profile of Respondent*n*Percentage (%)95% CILowerUpperStrata Urban899764.763.465.9 Rural619135.334.136.6Ethnicity Malay10,68662.360.664 Chinese173715.914.417.5 Indian6424.94.15.8 Others Bumiputera178914.713.915.7 Others2942.21.92.7Fathers\' Education No formal education/Primary199314.213.115.3 Secondary781254.152.356 Higher459731.729.933.6Mothers Education No formal education/Primary183412.511.513.5 Secondary772051.850.053.6 Higher547235.733.937.6Total Household Income Poorest308819.618.420.8 Second299819.31820.6 Middle309620.41921.8 Fourth303118.817.420.3 Richest288521.920.323.6Mothers\' Occupation Public Sector375519.7018.421.1 Private Sector323825.123.426.9 Self Employed11087.16.28.2 Housewife/Unemployed/Student693848.146.349.8Fathers\' Occupation Public sector357519.718.321.2 Private sector677251.449.553.2 Self-employed395428.026.429.6 Unemployed/student1360.90.71.2Treated Water Treated Water14,91497.997.598.3 Untreated Water2722.11.72.5Waste Disposal Sanitary Waste11,92478.677.379.8 Unsanitary316020.519.321.8Latrines Sanitary14,76896.896.397.2 Unsanitary4123.22.83.7

With regards to parental occupation, almost half of the mothers were housewives/ unemployed/ students while more than half of the fathers work in the public sector. From a hygiene point of view, a majority of household have access to treated water, sanitary latrines and proper waste disposal in their homes (Table [1](#Tab1){ref-type="table"}).

Prevalence of diarrhoea and associated factors among children {#Sec7}
-------------------------------------------------------------

The prevalence of diarrhoea among children under five in Malaysia from this study was 4.4% (95% CI = 3.8--5.2). There was no difference between boys and girls. Overlooking nationality, children of permanent residents registered the highest prevalence of diarrhoea at 6.6% (95% CI = 1.3--27.2). By ethnicity, 'Other Bumiputeras', i.e., children from Sabah and Sarawak, recorded the highest prevalence, 8.8% (95% CI = 6.9--11.3). By parents' formal education, diarrhoea most commonly occurred among children whose father has no formal /primary level education, 5.0% (95% CI = 3.5--7.0) and, even higher, among those whose mother has no formal education, 7% (95 CI = 4.5--10.9). In terms of household income quintile, the lowest household income group recorded the highest prevalence of childhood diarrhoea (5.8%; (95% CI = 4.4--7.6) compared to 3.2% e (95% CI = 1.9--5.3) in the highest income quintile.

The study revealed that for father's occupation, the unemployed group registered the highest prevalence of 5.5% (95% CI = 2.0--14.3) while for mothers, highest prevalence was among those working in the private sector, 4.9% (95% CI = 3.3--7.3). Having Untreated water showed a significantly much higher prevalence of childhood diarrhoea, 13.4% (95% CI = 7.9--21.8) compared to having treated water. Diarrhoea in under-fives was also more common among those with Unsanitary waste disposal, 6.8% (95% CI = 5.3--8.7) as well as those with unsanitary latrines, 6.3% (95% CI = 4.0--9.6).

Multiple logistic regression revealed only factors significantly associated to diarrhoea among children; ethnicity and untreated water supply. Specifically, compared to the Malays, the odds of having diarrhoea among "other Bumiputras" children were 2.4 followed by Indian children (1.7) after controlling for other factors. Families using untreated water faced twice higher odds of having diarrhoea compared with families using treated water after controlling for other factors. (Table [2](#Tab2){ref-type="table"}).Table 2Associated Factor of diarrhoea via multiple logistic regressionVariablesCrudeAdjusted odds ratio, aOR*n*Odds ratio, OR95% CI*P* ValueaOR95% CI*P* ValueStrata Urban89871.2491.08,1.440.002NS Rural61771Ethnicity Malay10,66511 Chinese17371.050.82,1.340.6961.030.80,1.33\> 0.05 Indian6411.861.38,2.53\< 0.0011.70**1.22,2.360.002** Others Bumiputera17882.642.21,3.14\< 0.0012.40**1.97,2.93\< 0.001** Others2931.530.95,2.460.081.570.95,2.600.08Father\'s Education level No Formal Education/Primary19901.611.28,2.02\< 0.001NS Secondary77991.301.09,1.550.003 Tertiary45891Mother's Occupation Public Sector37511 Private Sector32330.990.80,1.240.985 Self Employed11030.780.55,1.100.145 Unemployed/Housewife/Student69281.201.00,1.430.049Fathers Occupation Public Sector35671 Private Sector67621.130.94,1.370.199 Self Employed39481.150.93,1.420.190 Unemployed/Student1361.440.72,2.890.301Mothers Education No formal education/Primary18831.841.48,2.28\< 0.001NS Secondary77081.291.09,1.510.003 Higher54611Total Household Income Poorest30811.331.06,1.660.016NS Second29931.110.88,1.410.381 Middle30901.240.98,1.560.07 Fourth30291.010.79,1.280.946 Richest28811Water Supply Treated14,8901**1** Untreated2723.392.42,4.74\< 0.001**2.041.40,2.97\< 0.001**Waste Disposal Sanitary Waste Disposal11,9061 Unsanitary Waste Disposal31551.461.24,1.71\< 0.001NS Others991.720.82,3.570.143Sanitary and Unsanitary Sanitary Latrines14,7441 Unsanitary Latrines4122.141.55,2.96\< 0.001NS\**NS* not significant*OR* odd ratio*AoR* adjusted odd ratio*CI* confidence intervalSignificant results are bold

Discussion {#Sec8}
==========

Numerous factors associated with increased risk in diarrhoea among children under five have been identified. In the present study, we found significant differences in diarrhoea prevalence by ethnicity, parents' education and occupation, household income, water supply, sanitation and waste disposal. The differences were all expected based on what is known regarding the risk factors for diarrhoeal diseases. Our findings correlate with a study in India which reported that prevalence of diarrhoea was positively associated with occupation and education of mother, source of water and toilet facility \[[@CR11]\]. The same study also identified storage of water, lack of hand washing, feeding habits, immunization and rural residence, factors which were not included in our study \[[@CR12]\]. Meanwhile, a study done in Baghdad showed that children were more at risk when the mother is unemployed and has lower education, and mother and father have poor nutritional knowledge \[[@CR14]\].

The present overall prevalence of diarrhoea among children under five was 4.4%. In NHMS 2006, prevalence of diarrhoea was reported at 4.5% \[[@CR8]\]. Although the rate is not high, our study demonstrates that diarrhoea prevalence among children less than five years has not shown any improvement in the past 10 years. Although Malaysia has rapidly improved its health and sanitation facilities, and there is now wider access to clean water and proper education, this condition may be contributed by the influx of immigrants to our country recently as NHMS targeted all residents in Malaysia irrespective of the nationality status. For comparison, a study done in 2013 using the same MICS survey tool in Bangladesh and Mongolia reported that prevalence of diarrhoea among children under five was 3.9 and 8.2%, respectively \[[@CR14]\].

Highest prevalence was seen in Other Bumiputeras (8.8%), Indians (5.3%), others (5%) and the least was among Chinese children (3.3%). The previous study done (NHMS 2006) showed the Other Bumiputeras also recorded the highest level of prevalence of diarrhoea of 5.8% compared to other major ethnic groups, with the Chinese least likely to report acute diarrhoea. The reasons for such differences are not well understood, however the finding could be attributed to genetic or sociocultural differences between the ethnicities, which may be related to dietary and culinary practices or risk of acquiring gastrointestinal infections \[[@CR9]\].

Prevalence of diarrhoea in Malaysia using untreated water was 13.4%. This is clearly supported by a study done in neighbouring Indonesia where they found a significant association between children with diarrhoea and unsafe drinking water source \[[@CR15]\]. Meanwhile, a study done in Ibadan, Nigeria showed an increased risk of diarrhoea among children whose caregivers/mothers collected drinking water from a storage container by dipping into it with any other container \[[@CR16]\]. Contaminated water may carry diarrhoea causing pathogens that may lead diarrhoea.

By education level, children of parents with lower education levels were more prone to have diarrhoea compared to parents with tertiary education levels. A similar study in India found a 13% lower risk of diarrhoea among educated mothers versus uneducated mothers \[[@CR12]\]. Another study done in Ghana, stated that the prevalence of diarrhoea varied according to education of mother, being significantly lower among children with educated mothers (secondary and higher) than among children of mothers with no or primary level education \[[@CR17]\]. In Malta, the majority of cases were found to have lower education \[[@CR18]\]. Education provides knowledge of hygiene, good feeding and weaning practises, early recognition of symptoms and, thus, timeliness in responding to childhood illnesses \[[@CR19]\]. Be that as it may, with regards to diarrhoea prevention, parents and caregivers can be informed and trained on hygienic practices and disease control regardless of their low education level. This is the aim and function of public health strategies -- to develop programmes suited to the capabilities of the target communities.

Our survey observed that the poorest with prevalence of 5.8% were the most vulnerable to diarrhoea among the various household income groups. A study done in Thailand showed identical results with a diarrhoea prevalence rate of 9.8% \[[@CR20]\]. A study conducted in Malawi mentioned that the father's job or poor income of a head of the household is also a risk factor for diarrhoea in children \[[@CR21]\]. In Bangladesh, a study showed the effect of maternal education and family income on diarrhoea, where they found high family income was associated with more than 40% of risk reduction \[[@CR22]\]. This could be explained by children living in poorer households having higher diarrhoea rates than their wealthier counterparts due to sanitary facilities, unsanitary environments in the home and poor child hygiene.

Our study concluded that children from homes with unsanitary latrines and/or waste disposal were more likely to have diarrhoea compared to those with sanitary latrines and/or waste disposal. This is not surprising. Prevalence of diarrhoea for unsanitary waste disposal was 6.8% while for unsanitary latrines it stood at 6.3%. A recent study done in Banten, Indonesia, discovered that mothers who defecated at latrines have fewer children with diarrhoea than mothers who defecated at other places \[[@CR15]\]. Improved access to sanitation reduces the risk of contracting diarrhoea by 2.2 percentage points, as shown by a study done in India \[[@CR23]\]. An earlier study done in Burkina Fasso, found that children whose mothers regularly disposed of feces in the latrines had an approximate 40% reduction in diarrhoea rate \[[@CR24]\]. In India, another study showed that, children from households in which the toilet facilities were not available within the house were more likely to develop diarrhoea compared with children from households with toilet facilities \[[@CR12]\]. The presence of latrines increases the chance of safe disposal of faeces, reduces the risk of contact between the causative organisms of diarrhoea and the host. Similarly, with regards to proper waste disposal, unsafe refuse disposal showed a statistically significant relationship with childhood diarrhoea in Atwima Nwabiagya District in Ghana. Children who lived in households where unsafe refuse disposal was practised were two times more likely to suffer diarrhoea \[[@CR25]\]. This result was consistent with studies conducted In Ethiopia which also found that improper refuse disposal was associated with a higher risk of childhood diarrhoea \[[@CR26]\].

Finally, after controlling for various factors, multivariate analysis showed that only the associations with ethnicity and untreated water remained significantly associated with diarrhoea among children under five years old.

Strengths and limitation {#Sec9}
========================

The strength of this study is the analysis based on a large nationally representative sample that allowed for a reliable inference to Malaysian children within a similar age-group. This survey used robust standard WHO MICS questionnaire, which is advantageous for international comparison.

Causal relationship between identified factors and diarrhoea was unable to be identified due to cross-sectional nature of this study. In addition, we only did face and content validity of the questionnaire used in this study.

Diarrhoea prevalence was based on self-reported screening and was not further confirmed.

Conclusion {#Sec10}
==========

Diarrhoea among children is a very important issue that needs to be addressed. From this study, we have found that diarrhoea in Malaysia was higher in Indian and Other Bumiputeras by ethnicity and usage of untreated water. Thus, healthcare strategy and campaign should be focused on specific ethnicity and universal treated water must be available among all residents of Malaysia.

NHMS

:   National Health and Morbidity Survey

UNICEF MCIS

:   United Nation Children's Fund Multiple Indicator Cluster Survey

WHO

:   World Health Organisation

The authors wish to thanks the Director General of Health Malaysia for his permission to publish this study.

Funding {#FPar1}
=======

The research was fully supported by the Ministry of Health Malaysia research grant. There is no conflict of interest with the funder; no influence of in the design, data collection, data analysis or the manuscript writing.

Availability of data and materials {#FPar2}
==================================

The data that support the findings of this study are available from the Director General of Health Malaysia but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. Data are however available from the corresponding author upon reasonable request and with permission of the Director of Health Malaysia.

FAA - conceived of the presented idea, developed the theory and performed the computations, responsible for analysis and interpretation of data, discussed the results and contributed to the final manuscript. NAA - conceived of the presented idea, developed the theory and performed the computations, responsible for analysis and interpretation of data, discussed the results and contributed to the final manuscript. MO - developed the theory, involve in data acquisition, discussed the results and contributed to the final manuscript. NMK - developed the theory, involve in data acquisition, discussed the results and contributed to the final manuscript. MY - involve in data acquisition, discussed the results and contributed to the final manuscript. RJ - involve in data acquisition, discussed the results and contributed to the final manuscript. RS - involve in data acquisition, provide technical input and review the manuscript. CYY - involve in data acquisition, provide technical input and review the manuscript. All authors reviewed and approved the final manuscript.

Ethics approval and consent to participate {#FPar3}
==========================================

This survey had been reviewed and approved by the Medical Research and Ethics Committee Malaysia (NMRR- NMRR-15-511-25,359). Consent was taken from all respondents who were illiterate, the information sheet and consent form were read to them and their thumb print impression was taken to replace signature.

Consent for publication {#FPar4}
=======================

Not applicable.

Competing interests {#FPar5}
===================

The authors declare that they have no competing interest.

Publisher's Note {#FPar6}
================

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
